SUMMARY To assess the prognostic validity of "low risk" classification at 24-36 hours as the basis for early transfer to an intermediate coronary care unit, Killip and Hutter/Sidel criteria for risk classification were applied to 410 patients with acute myocardial infarction (MI) This calculation does not account for costs of new programs and staff of an intermediate coronary care facility or the marginal additional costs of an intermediate coronary care bed over a general medical bed. These costs would have to be incorporated into a cost/effectiveness analysis which would necessitate quantification of the benefits of such a facility in terms of additional lives saved by early detection of arrhythmias, improvement of longterm patient compliance, and increase in post-MI return-to-work rates.
as many potentially "low risk" patients were excluded from this group. With respect to morbidity, 35 of 87 patients (40%) classified as "low risk" by Hutter/Sidel criteria developed 43 major complications during their hospitalization. Nine of these patients developed 11 of the 43 complications (26%) on day six or later, and for five of these patients, this was their first major complication during hospitalization. This significant incidence of morbidity in "low risk" patients, despite their low mortality rates as a group, must be taken into account in developing intermediate coronary care units.
patients with acute myocardial infarction (MI) can be discharged from the hospital at two weeks without additional risk to the patient, rather than the more common practice of three weeks. 2 The attendant risks of the various criteria for transfer of patients to an intermediate facility or a general medical service are unknown.
The primary objective of this study was to assess the validity of two commonly used sets of criteria for predicting "low risk" status with respect to mortality of MI patients. One set of criteria was the Killip classification. The second set of criteria was the Hutter/Sidel classification. The absence of validated criteria for determining the appropriate time of transfer for the CCU to an intermediate facility has de facto led us to select these criteria for this purpose, though this was not the intent of Killip or Hutter/Sidel in their original design. The Killip criteria were intended to assess the dynamic changes in congestive heart failure following myocardial infarction, but also have been shown to predict outcome.6 The Hutter/Sidel criteria were intended to assess patients at five days post-MI with respect to the appropriateness of early discharge from the hospital. Patients meeting these criteria on day five have been shown to remain uncomplicated during their convalescence.7 Therefore, a secondary objective of this study was to assess the validity of the Hutter/Sidel "very low risk" classification with respect to the frequency and time course of morbid events post-MI. The "very low risk" patients represent that group of patients who would be potential candidates for early transfer to an intermediate unit in a second phase study.
Methods
The study was conducted in the CCU of the Baltimore City Hospital over an 18-month period. House staff reviewed the clinical course and status of each of 741 consecutive admissions for suspected MI who were alive at 24-36 hours and then classified the patient as "high risk" or "low risk" by both the Killip and the Hutter/Sidel criteria. During daily faculty rounds, less than 5% of the patients were reclassified. High risk patients were defined as patients with Killip Class III or IV congestive heart failure," or patients meeting one of Hutter/Sidel's high risk criteria (Killip Class III or IV, clinically significant ventricular arrhythmias, heart block, hypotension, persistence of coronary pain, prior MI within preceding six months). 4) pulmonary emboli (documented by lung scan or pulmonary arteriogram); 5) supraventricular arrhythmias (atrial fibrillation/flutter or PAT, paroxysmal atrial tachycardia); 6) high degree of heart block (second degree, Mobitz type I or II, or higher); 7) persistent sinus tachycardia (heart rate more than 100/min for more than 24 hours without evidence of Class III or IV congestive heart failure and not related to fever); and 8) Killip Class III or IV congestive heart failure. Minor complications were 1) fever (more than 101°F); 2) sinus bradycardia (heart rate less than 60/min); 3) transient hypotension (systolic blood pressure less than 100 mm Hg for less than 24 hours without congestive heart failure); 4) mild congestive heart failure (Killip Class II, and/or S, gallop); 4) iatrogenic problems such as catheter related fevers, drug toxicities; 6) ventricular irritability (PVCs less than 5/min, not requiring anti-arrhythmic therapy); 7) first degree atrioventricular block; 8) pericarditis; and 9) transient sinus tachycardia (heart rate more than 100/min for less than 24 hours without fever). Hutter/Sidel classification at 24 hours, 87 patients were low risk (LRHS) and 323 patients were high risk (HRHS). The average age in LRHS was 58 and the average age in HRHS was 59, with 72% and 74% males, respectively, in each group. In both the Killip and the Hutter/Sidel classifications, males overall tended to be younger (average age 57) than the females (average age 64). There were no statistically significant differences among any of the four subclassifications with respect to age, sex, or age/sex combined, except for the somewhat lower percentage of males in the HRK group.
As seen in revealed only two adierences between tne two groups.
Although the average age of both groups was 57 (range 31-83), there were significantly more patients over the age of 55 in the complicated group (P = 0.04). There was also a slightly greater number of patients with a prior history of a myocardial infarction (P = 0.07) (no less than 6 months prior to the index event) in the complicated as opposed to the uncomplicated group (table 4) . There were no differences with respect to race, sex, and socio-economic status. Eightyfive percent were white, 72% were male, and 79% were employed in industrial jobs. The average delay in both groups from onset of symptoms to CCU admission was three to five hours. The location of the MI (anterior/lateral versus inferior/posterior), the type of MI (transmural versus subendocardial), and the size of the MI (as determined by peak CPK values) were also similar in both groups. However, a combination of these demographic, historical, clinical, and laboratory variables were found by stepwise discriminant analysis to be capable of correctly classifying 74% of those LRHS patients who would develop major complications. The final discriminant model employed a weighted combination of four variables in rank order. They were age (more than 55 years), past history of myocardial infarction, CPK (peak more than 225), and anterior/lateral location of the MI. The 26% (23 patients) who were mis- Numerous sets of criteria for delineating low risk versus high risk groups of acute MI patients exist.8"10 Despite extensive overlap of the criteria employed, there is a wide variation in the assessment of the prevalence of low risk versus high risk as applied to what their proponents state are standard populations. According to the Duke criteria on day five post-MI, 51% of their patients were low risk versus 35% high risk, with 0% and 14% mortality rates, respectively." By Pantridge's (Belfast) criteria'2 on day three post-MI, 33% were low risk versus 67% high risk, with 2.5% and 12% mortality rates, respectively. The relative sensitivity and specificity of the various sets of risk criteria are yet not established.
Our data on one population of MI patients indicate that the prevalence prediction of low risk versus high risk by two sets of criteria are markedly different. Using the Killip classification, 77% were low risk and 23% were high risk; using the Hutter/Sidel classification (which includes Killip 
PROGNOSIS OF ACUTE MI/Pozen, Stechmiller, Voigt classification as one criterion), 21% were low risk and 79% were high risk. The inclusion of 56% more patients (230 patients) by the Hutter/Sidel criteria increased the specificity of these criteria for low risk with respect to mortality to 100% from the 94% specificity achieved with the Killip classification above. The addition of the Hutter/Sidel criterion of ventricular irritability to the Killip classification increased specificity to 97%; the addition of ventricular irritability plus persistent coronary pain plus hypotension increased specificity to 99%.
To examine the validity of clinical judgment supplemented by each of the two sets of standard clinical guidelines in determining a low risk prognosis with respect to morbidity, all major and minor complications of acute MI to the low risk patients were compiled. An a priori decision to use the Hutter/Sidel classification of low risk for this part of the study was made because its inclusion of more risk criteria might exclude all but the very low risk patients. The finding of a 0% in-hospital mortality rate of the 87 patients defined as LRHS supports this initial contention.
Despite the fact that these patients were extremely low risk, the low risk categorization and prognosis with respect to morbidity was inaccurate for 35 of these 87 patients (40%) who developed major post-MI complications. Age, a history of a previous MI (beyond six months prior to admission), a high peak CPK, and an MI in the anterior/lateral location predisposed patients to the complications enumerated in On the other hand the same or less mortality might have been documented, dependent on the efficacy of treatment to change the course of the complication.
These findings substantiate the relative safety of the present trend toward earlier transfer of select patients to intermediate care units. The Killip classification at 24-36 hours provides an adequate basis for selecting these patients, but misclassifies 6% of patients with respect to mortality. The Hutter/Sidel criteria produced no misclassification with respect to mortality, but included more than two and one half times as many potentially low risk patients. The results do not change appreciably when the classification schemes are applied at 48-60 hours. Despite almost negligible mortality rates among the very low risk patients, major complications are frequent. Safeguards for prompt diagnosis and treatment of these complications are necessary if early transfer to an intermediate unit is planned.
The trends toward early discharge to intermediate units and home need to be coupled with the development of criteria for these judgments with improved sensitivity and specificity. The 74% correct classification by our discriminant function on this small sample size suggests that there probably exists a set of new and as yet unframed criteria which represents a "best possible solution" with respect to subsequent mortality and morbidity somewhere between the Killip and Hutter/Sidel criteria. Collaborative efforts among many CCUs would provide a large enough sample size to study with clustering techniques and multiple logistic regression analyses in order to retrospectively identify this new set of criteria. Such a "best possible solution" could then be examined prospectively to determine its efficacy using these data and other for baseline comparisons.
